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Introduction 16
Sponges contain microbial symbionts from all three domains of life -Bacteria, Archaea and Eukarya 17 -which can comprise up to 35% of a sponge's biomass and are essential for host fitness and survival 18 (reviewed in ). Molecular surveys have revealed that many sponge-19 associated microbes occur exclusively within sponges (Hentschel et al., 2002; Taylor et al., 2007b) or 20 are exceptionally rare in the surrounding coral reef environment (Taylor et al., 2013 ; Thomas et al., 21 2016 ). These microbes often form monophyletic 'sponge-specific' 16S rRNA gene sequence clusters 22 (Hentschel et al., 2002; Taylor et al., 2007a; Simister et al., 2012; Taylor et al., 2013) . The occurrence 23 of these 'sponge-specific' bacteria in phylogenetically distant sponges from geographically isolated 24 locations, coupled with the rarity of these bacteria in the surrounding environment, has led to 25 interest in the evolutionary mechanisms that have maintained these complex and diverse symbioses 26 (Webster and Thomas, 2016) . 27
Previous research has indicated that sponges likely acquire their symbionts via the dual mechanisms 28 of microbial filtration from the surrounding seawater (Reiswig, 1971; Webster et al., 2010) and 29 vertical transmission from parent to offspring (Schmitt et al., 2007; Sharp et al., 2007; Webster et al., 30 2010 ). However, it has remained unclear whether these microbial associations are solely controlled 31 by the sponge or if the microbes are also capable of actively seeking out their hosts on coral reefs. 32
For instance, it has recently been shown that coral-associated microbes display high levels of 33 chemotaxis to chemicals released from the coral holobiont (Garren et al., 2014; Tout et al., 2015) . 34
Here we propose that chemotaxis may also be involved in the formation of 'sponge-specific' 35 microbial interactions and we assessed this using the model Great Barrier Reef sponge Rhopaloeides 36 odorabile, which hosts a highly diverse and stable microbial community that is critical in regulating 37 host health (Webster and Hill, 2001 Table S1 ). While the community composition (OTUs defined at 97% sequence 60 similarity) of chemotactic bacteria responding to the R. odorabile extracts was not significantly 61 different from the FSW controls ( Fig. 2a , P>0.05; Table S2 ), we identified an elevated presence of 62 "sponge-specific" sequences within the R. odorabile extract samples. A total of 56 sequence matches 63 to previously defined 'sponge-specific' sequence clusters were observed (Table S3) , with 96% of these occurring within the R. odorabile cellular extracts ( Fig. 2b ). Of these, 66% were affiliated to 65 the Gemmatimonadetes cluster SC67 and 30% to the Actinobacteria cluster SC22 (as defined by 66 ). The R. odorabile microbiome has previously been described using full length 67 clone sequencing and 454 sequencing of the 16S rRNA gene and was found to be dominated by 68
Proteobacteria, Acidobacteria, Choloroflexi, Actinobacteria and Gemmatimonadetes (Webster et al 69 2001; Webster et al., 2010) . While the chemotactic microorganisms that fell into SSSC were not 70 identical matches to published R. odorabile sequences, the assignment to Actinobacteria and 71
Gemmatimonadetes SSSC lineages is nonetheless consistent with the previously described microbial 72 community of R. odorabile. The most abundant bacterial families responding to cellular extracts of 73 R. odorabile were the Sphingomonadaceae, Rhodobacteraceae and Piscirickettsiaceae, which 74 represented 12%, 9% and 8% of the total community, respectively ( Fig. 2a , Table S4 ). The primary 75 drivers of the differences between the communities responding to R. odorabile extracts and to the 76 FSW control were members of the Piscirickettsiaceae, Sphingomonadaceae, and Vibrionaceae (each 77 contributed 2% to the total dissimilarity), which were all more abundant in the R. odorabile cellular 78 extracts than in the FSW controls ( Fig. 2a , Table S5 ). Importantly, previously defined 'sponge-specific' bacteria were not detected by amplicon 84 sequencing of the background coral reef seawater, which is consistent with previous reports that 85 these microorganisms are exceptionally rare outside of sponge hosts (Taylor et al., 2013) . However, 86 environmentally rare 'sponge-specific' bacteria were present in the R. odorabile extract treatment, 87
indicating that they exhibited chemotaxis towards sponge-derived chemicals, highlighting a new 88 mechanism for the establishment of sponge-bacteria associations.
6
The concept of sponges hosting specific and stable symbiont populations that provide benefit to the 90 host was originally proposed by Vacelet and Donadey (Vacelet and Donadey, 1977) is representative of organisms that swam into this treatment as a consequence of random motility, 159 rather than chemotaxis due to the lack of any chemical gradient. Thus, this sample provides an 160 overview of the motile, but not necessarily chemotactic proportion of the community. b) 161
Composition of chemotactic 'sponge-specific' sequence clusters (SC) in the cellular extract of R.
identified OTU was taxonomically assigned (using a BLAST search) with a curated SILVA 16S rRNA 164 database containing 173 previously identified bacterial sponge-specific clusters (SC) and 32 165 sponge/coral-specific clusters (SCC) . For each BLAST search, the 10 best hits 166 were aligned in order to determine sequence similarities. A sequence was assigned to an SC/SCC 167 when it was more similar to the sequences comprising that cluster than to other sequences outside 168 the cluster and the similarity to this sequence was at least 75% (Taylor et al., 2013) . 169 170
